Acquisition of broad-spectrum cephalosporin resistance leading to colistin resistance in Klebsiella pneumoniae by Jayol, Aurélie et al.
$FTXLVLWLRQRIEURDGVSHFWUXPFHSKDORVSRULQUHVLVWDQFHOHDGLQJWR
FROLVWLQUHVLVWDQFHLQKlebsiella pneumoniae 

$XUpOLH-D\RO3DWULFH1RUGPDQQ0DULQH'HVURFKHV-HDQ:LQRF'HFRXVVHU 
DQG/DXUHQW3RLUHO

1Medical and Molecular Microbiology, Emerging Antibiotic Resistance Unit, Department of 
Medicine, Faculty of Science, University of Fribourg, Fribourg, Switzerland, 2HFR - hôpital 
Cantonal, Fribourg, Switzerland, 3Department of Virology, Bacteriology - Infection Control, 
Parasitology - Mycology, Assistance Publique - Hôpitaux de Paris, University Hospital Henri 
Mondor, Créteil, France, and 4IAME, UMR 1137, INSERM, F-75018 Paris, France 
.H\ZRUGV FROLVWLQ SRO\P\[LQV UHVLVWDQFHKlebsiella pneumoniae Enterobacter cloacae
RXWEUHDN

&RUUHVSRQGLQJDXWKRU0HGLFDODQG0ROHFXODU0LFURELRORJ\UXH$OEHUW*RFNHO&+
)ULERXUJ6ZLW]HUODQG3KRQH(PDLOODXUHQWSRLUHO#XQLIUFK
1
Published in $QWLPLFURELDO$JHQWVDQG&KHPRWKHUDS\±
which should be cited to refer to this work.
ht
tp
://
do
c.
re
ro
.c
h
$Q H[WHQGHGVSHFWUXP ODFWDPDVH (6%/SURGXFLQJ DQG FROLVWLQUHVLVWDQWKlebsiella 
pneumoniae FOLQLFDO LVRODWH ZDV UHFRYHUHG IURP D SDWLHQW ZKR ZDV WUHDWHG ZLWK
FHIRWD[LPH7KLV LVRODWHKDUERUHGDbla&7;0(6%/JHQH WKDWZDVDVVRFLDWHGZLWKDQ
,6Ecp1 LQVHUWLRQ VHTXHQFH 7UDQSRVLWLRQ RI WKDW WDQGHP RFFXUUHG ZLWKLQ WKH
FKURPRVRPDOmgrBJHQHOHDGLQJWRWKHLQDFWLYDWLRQRIWKDWODWWHUJHQHDQGFRQVHTXHQWO\
WRDFTXLUHGUHVLVWDQFHWRFROLVWLQ:HVKRZHGKHUHDFRVHOHFWLRQRIFROLVWLQUHVLVWDQFHDV
DUHVXOWRIDEURDGVSHFWUXPFHSKDORVSRULQVHOHFWLYHSUHVVXUH
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1RVRFRPLDO LQIHFWLRQV FDXVHG E\PXOWLGUXJUHVLVWDQW 0'5Klebsiella pneumoniae
UHSUHVHQW D JURZLQJ SUREOHP ZRUOGZLGH 8VH RI SRO\P\[LQV FROLVWLQ SRO\P\[LQ % LV
WKHUHIRUHEHLQJFXUUHQWO\ UHFRQVLGHUHGDVD ODVWOLQH WUHDWPHQWRSWLRQEXWDOVRDVD ILUVWOLQH
WUHDWPHQW LQ VRPH VSHFLILF DUHDZKHUH0'5RUJDQLVPV DUH KLJKO\ SUHYDOHQW ,WDO\*UHHFH
%UD]LO  +RZHYHU DQ LQFUHDVLQJ QXPEHU RI VWXGLHV DUH FXUUHQWO\ UHSRUWLQJ UHVLVWDQFH WR
FROLVWLQLQK. pneumoniae
&ROLVWLQLVDSRO\FDWLRQLFDQWLELRWLFRIWKHSRO\P\[LQIDPLO\LQWHUDFWLQJZLWKWKHOLSLG
$ PRLHW\ RI WKH *UDPQHJDWLYH EDFWHULDO OLSRSRO\VDFFKDULGH /36 DQG FRQVHTXHQWO\
GLVUXSWLQJWKHLQWHJULW\RIWKHRXWHUPHPEUDQH7KHPDLQPHFKDQLVPVOHDGLQJWRSRO\P\[LQ
UHVLVWDQFHDUHPRGLILFDWLRQVRIWKHEDFWHULDORXWHUPHPEUDQHVXFKDVPRGLILFDWLRQVRIOLSLG$
ZLWKSKRVSKRHWKDQRODPLQHDQGDPLQRGHR[\/DUDELQRVH7KHWUXQFDWLRQRIWKHmgrB
JHQH HQFRGLQJ D QHJDWLYH UHJXODWRU RI WKH 3KR33KR4 VLJQDOOLQJ V\VWHP OHDGV WR DQ
XSUHJXODWLRQ RI WKLV V\VWHP OHDGLQJ WR WKH XSUHJXODWLRQ RI WKH pmrHFIJKLM RSHURQ WKH
V\QWKHVLV RI DPLQRGHR[\/DUDELQRVH DQG XOWLPDWHO\ WR FROLVWLQ UHVLVWDQFH  
,QDFWLYDWLRQRI WKHmgrB JHQHKDV EHHQ LGHQWLILHG DV D FRPPRQVRXUFHRI DFTXLUHG FROLVWLQ
UHVLVWDQFH LQK. pneumoniae ZLWK GLYHUVH JHQHWLF HYHQWV OHDGLQJ WR DOWHUDWLRQV RI WKHmgrB
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JHQHERWKLQKXPDQDQGDQLPDOLVRODWHV,QDGGLWLRQYHU\UHFHQWO\DSODVPLGPHGLDWHG
UHVLVWDQFH PHFKDQLVP KDV EHHQ LGHQWLILHG FRUUHVSRQGLQJ WR D SKRVSKRHWKDQRODPLQH
WUDQVIHUDVH LGHQWLILHG LQ KXPDQ DQG DQLPDO HQWHUREDFWHULDO LVRODWHV ZRUOGZLGH DQG DOVR LQ
IRRGSURGXFWV
&7;0W\SH ODFWDPDVHV DUH H[WHQGHGVSHFWUXP ODFWDPDVHV (6%/ UHSRUWHG
PRVWO\ LQEnterobacteriaceae &7;0WKDWKDGILUVWO\EHHQ LGHQWLILHG LQIURP
SDWLHQWVKRVSLWDOL]HGLQ,QGLDLVWKHPRVWFRPPRQ&7;0YDULDQWZRUOGZLGHSRVVHVVLQJ
DVLJQLILFDQWDFWLYLW\DJDLQVWFHIWD]LGLPH  7KHbla&7;0JHQHLVPRVWO\ORFDWHGRQODUJH
SODVPLGV YDU\LQJ LQ W\SH DQG VL]H EXW PD\ DOVR EH LGHQWLILHG RQ WKH FKURPRVRPH RI K.
pneumoniae$FTXLVLWLRQRIERWKFKURPRVRPDOO\DQGSODVPLGORFDWHGbla&7;0JHQHV
KDYHEHHQVKRZQWREHUHODWHGWRWKHDVVRFLDWLRQZLWKLQVHUWLRQVHTXHQFH,6Ecp1,6Ecp1
LV UHVSRQVLEOH IRU WKH PRELOL]DWLRQ RI WKH bla&7;0 JHQH DQG DOVR IRU LWV KLJKOHYHO
H[SUHVVLRQ   0RUH JHQHUDOO\ ,6Ecp1OLNH HOHPHQWV PRELOL]H DQG SURPRWH WKH
H[SUHVVLRQRIbla&7;0JHQHV
:HUHSRUWKHUHWKHLGHQWLILFDWLRQRIDFKURPRVRPDOLQVHUWLRQRIWKH,6Ecp1bla&7;0
ORFXV LQWR WKH mgrB JHQH UHVSRQVLEOH IRU DFTXLUHG FROLVWLQ UHVLVWDQFH LQ Klebsiella 
pneumoniae
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$SDWLHQWZLWKDSUHYLRXVKLVWRU\RISURVWDWHFDQFHUSHUPDQHQWXULQDU\FDWKHWHUDQG
FKURQLFNLGQH\GLVHDVHZDVDGPLWWHGIRULVFKHPLFKHDUWGLVHDVHRQ)HEUXDU\DWWKH
+HQUL0RQGRUKRVSLWDO3DULV)UDQFH7KHIROORZLQJGD\KHZDVWUDQVIHUUHGWRWKHLQWHQVLYH
FDUH XQLW ,&8 VLQFH KH GHYHORSHG D VHSWLF VKRFN VHFRQGDU\ WR D XULQDU\ LQIHFWLRQ ZLWK
Morganella morganii DQG D EDFWHUHPLD ZLWK Streptococcus mitis. 7KRVH LQIHFWLRQV ZHUH
WUHDWHG ZLWK FHIRWD[LPH DQG JHQWDPLFLQ DQG WKHQ RIOR[DFLQ ZDV JLYHQ IRU  GD\V K.
pneumoniae LVRODWH +0 UHVLVWDQW WR EURDGVSHFWUXP FHSKDORVSRULQV DQG FROLVWLQ ZDV
UHFRYHUHGRQ0DUFKIURPDXULQHVDPSOH3LSHUDFLOOLQWD]REDFWDPFRPELQDWLRQZDV
FRQVHTXHQWO\ LQLWLDWHGDQGPDLQWDLQHGIRUGD\V+HZDVGLVFKDUJHGEXWUHDGPLWWHG LQ WKH
,&8RQ0D\EHFDXVHRIDS\HORQHSKULWLVFRPSOLFDWHGE\DQDFXWHUHQDOIDLOXUHK. 
pneumoniaeLVRODWH+0ZDVDJDLQUHFRYHUHGIURPXULQHFXOWXUHV$WUHDWPHQWZLWKLPLSHQHP
DQG DPLNDFLQ ZDV WKHUHIRUH LQLWLDWHG DQG PDLQWDLQHG IRU  GD\V DQG WKH SDWLHQW ZDV
GLVFKDUJHG
6XVFHSWLELOLW\ WHVWLQJ ZDV SHUIRUPHG E\ WKH GLVF GLIIXVLRQ PHWKRG DFFRUGLQJ WR WKH
(8&$67 JXLGHOLQHV H[FHSW IRU FROLVWLQ ZZZHXFDVWRUJ . 0,& RI FROLVWLQ ZDV
GHWHUPLQHG XVLQJ EURWKPLFURGLOXWLRQ DFFRUGLQJ WR WKH &/6, JXLGHOLQHV  5HVXOWV ZHUH
LQWHUSUHWHGDFFRUGLQJWRWKH(8&$67JXLGHOLQHV$OWKRXJKLVRODWH+0ZDVUHVLVWDQWWR
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EURDGVSHFWUXP FHSKDORVSRULQV NDQDP\FLQ DQG JHQWDPLFLQ DQG LW UHPDLQHG VXVFHSWLEOH WR
SLSHUDFLOOLQWD]REDFWDP FHIR[LWLQ FDUEDSHQHPV DPLNDFLQ FLSURIOR[DFLQ WULPHWKRSULP
VXOIDPHWKR[D]ROH IRVIRP\FLQ DQG FKORUDPSKHQLFRO 7KH LVRODWHV ZHUH UHVLVWDQW WR FROLVWLQ
ZLWKDQ0,&RIPJO
0XOWLORFXV VHTXHQFH W\SLQJ DQDO\VLV ZDV SHUIRUPHG RQ K. pneumoniae +0 DV
GHVFULEHGSUHYLRXVO\  DQG UHYHDOHGDQRYHOphoE DOOHOH OHDGLQJ WRDQHZVHTXHQFH W\SH
67 QDPHO\ 67  WKDW LV GLIIHULQJ E\ RQO\ D VLQJOH DOOHOH IURP
67
6HTXHQFHDQDO\VLVRIWKHJHQHVHQFRGLQJSURWHLQVLQYROYHGLQWKHPRGLILFDWLRQRIWKH
/36pmrApmrBphoPphoQDQGmgrBZDVSHUIRUPHGDVGHVFULEHGSUHYLRXVO\3&5
DQGVHTXHQFLQJLGHQWLILHGDQLQWHJUDWHGIUDJPHQWRIESLQVL]HWUXQFDWLQJWKHmgrBJHQH
)LJXUH7KLVWUXQFDWLRQRFFXUUHGEHWZHHQQXFOHRWLGHVDQGDQGWKHLQVHUWHGIUDJPHQW
FRQVLVWHG LQ DQ ,6Ecp1bla&7;0 FRPSRXQG WUDQVSRVRQ  1RWHZRUWK\ HYHQ WKRXJK
LQVHUWLRQ RI ,6Ecp1 KDV EHHQ GHPRQVWUDWHG WR JHQHUDWH ES WDUJHW VLWH GXSOLFDWLRQV XSRQ
WUDQVSRVLWLRQKHUHWKH,6Ecp1bla&7;0FRPSRXQGWUDQVSRVRQZDVXQXVXDOO\EUDFNHWHG
E\DESGLUHFWUHSHDWVHTXHQFH$$&&&$&)LJXUH
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&RQMXJDWLRQ DQG WUDQVIRUPDWLRQ H[SHULPHQWV ZHUH SHUIRUPHG LQ RUGHU WR GHWHUPLQH
ZKHWKHU DQRWKHU FRS\ RI bla&7;0 JHQH PLJKW DOVR EH SODVPLGERUQH LQ WKDW LVRODWH
&RQMXJDWLRQH[SHULPHQWVXVLQJK. pneumoniaeLVRODWH+0DVGRQRUDQGD]LGHUHVLVWDQWE. coli
-DVUHFLSLHQWZHUHWKHUHIRUHSHUIRUPHGDVGHVFULEHGZLWKDVHOHFWLRQZLWKWLFDUFLOOLQ
JPODQGVRGLXPD]LGHJPO1RWUDQVFRQMXJDQWZDVREWDLQHGGHVSLWHUHSHDWHG
DWWHPSWV 3ODVPLG H[WUDFWLRQ IURP K. pneumoniae +0 ZDV SHUIRUPHG XVLQJ WKH .LHVHU
PHWKRG (OHFWURSRUDWLRQDVVD\VZHUHSHUIRUPHG LQWRE. coli723XVLQJ WKLVSODVPLG
H[WUDFW DQG VHOHFWLRQZDV GRQHZLWK WLFDUFLOOLQ JPO EXW QR HOHFWURWUDQVIRUPDQWZDV
REWDLQHG ,Q SDUDOOHO VHOHFWLRQ ZDV SHUIRUPHG RQWR FROLVWLQ  JPOFRQWDLQLQJ SODWHV LQ
RUGHUWRVFUHHQIRUDSXWDWLYHWUDQVIHUDEOHFROLVWLQUHVLVWDQFHGHWHUPLQDQWEXWQRWUDQVIRUPDQW
ZDV REWDLQHG ,Q DGGLWLRQ DQ 6QXFOHDVH SXOVHGILHOG JHO HOHFWURSKRUHVLV DQDO\VLV ZDV
SHUIRUPHG DV GHVFULEHG  EXW 6RXWKHUQ K\EULGL]DWLRQ ZLWK D bla&7;0VSHFLILF SUREH
IDLOHGWRGHWHFWDQ\SRVLWLYHSODVPLG)LQDOO\VHDUFKRIWKHmcr-1JHQHE\3&5DVGHVFULEHG
UHPDLQHGQHJDWLYH
7KHbla&7;0JHQHZDVWKHUHIRUHFKURPRVRPDOO\ORFDWHGDQGLQVHUWHGLQWRWKHmgrB
JHQH1RWHZRUWK\WKHFKURPRVRPDOLQVHUWLRQRIWKH,6Ecp1bla&7;0WDQGHPLQWRWKHmgrB
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JHQHUHVXOWHGLQDFTXLUHGUHVLVWDQFHWREURDGVSHFWUXPFHSKDORVSRULQVDQGFRQFRPLWDQWO\WR
FROLVWLQ
$OWKRXJK SUHYLRXV UHSRUWV LGHQWLILHG HLWKHU SUHPDWXUH VWRS FRGRQV DPLQR DFLG
VXEVWLWXWLRQV RU LQVHUWLRQV RI ,6 HOHPHQWV DV D VRXUFH RImgrBPRGLILFDWLRQVZH LGHQWLILHG
KHUH DQ RULJLQDO JHQHWLF HYHQW WUXQFDWLQJ WKHmgrB JHQH WKDW OHG WR DFTXLVLWLRQ RI FROLVWLQ
UHVLVWDQFH:KDWZHDFWXDOO\REVHUYHGKHUHZDVWKHDFTXLVLWLRQRIDJHQHHQFRGLQJ
DFTXLUHG UHVLVWDQFH WRDQDQWLELRWLFFODVV OHDGLQJ WRDFTXLUHG UHVLVWDQFH WRDQRWKHU DQWLELRWLF
FODVVZKLFKLVQRWHZRUWK\
+HUHZHUHSRUWWKDWFHIRWD[LPHDQGJHQWDPLFLQFRQWDLQLQJUHJLPHQZHUHIROORZHGE\
WKHVHOHFWLRQRIDK. pneumoniaeLVRODWHWKDWZDVUHVLVWDQWWREURDGVSHFWUXPFHSKDORVSRULQV
JHQWDPLFLQ DQG FROLVWLQ1RWHZRUWK\ WKH SDWLHQW QHYHU UHFHLYHG FROLVWLQ:H GR QRW NQRZ
ZKHWKHU WKLV FROLVWLQUHVLVWDQW LVRODWHZDV VHOHFWHG LQYLYR LQ WKLV SDWLHQW RUZKHWKHU LWZDV
DFTXLUHGE\FURVVWUDQVPLVVLRQ&RQVLGHULQJWKHLQFUHDVLQJUDWHRI&7;0SURGXFLQJLVRODWHV
ZRUOGZLGH VXFK DFTXLVLWLRQ RI UHVLVWDQFH WR EURDGVSHFWUXP FHSKDORVSRULQV EHLQJ
FRQFRPLWDQWO\DVRXUFHRIDFTXLUHGUHVLVWDQFH WRFROLVWLQZKLFK LVQRZFRQVLGHUHGDVRQHRI
WKHODVWZHDSRQRIRXUDUPDPHQWDULXPLVYHU\ZRUU\LQJ
$&.12:/('*0(176
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7KLVZRUNZDVILQDQFHGE\WKH8QLYHUVLW\RI)ULERXUJ6ZLW]HUODQG

5()(5(1&(6
 %LDOYDHL $= 6DPDGL .DILO +  &ROLVWLQ PHFKDQLVPV DQG SUHYDOHQFH RI
UHVLVWDQFH&XUU0HG5HV2SLQ
 2ODLWDQ $2 0RUDQG 6 5RODLQ -0  0HFKDQLVPV RI SRO\P\[LQ UHVLVWDQFH
DFTXLUHGDQGLQWULQVLFUHVLVWDQFHLQEDFWHULD)URQW0LFURELRO
 3RLUHO/ -D\RO$%RQWURQ69LOOHJDV092]GDPDU07XUNRJO61RUGPDQQ3
7KHmgrBJHQHDVDNH\WDUJHWIRUDFTXLUHGUHVLVWDQFHWRFROLVWLQLQKlebsiella 
pneumoniae-$QWLPLFURE&KHPRWKHU
 &DQQDWHOOL$'
$QGUHD00*LDQL7'L3LODWR9$UHQD)$PEUHWWL6*DLEDQL3
5RVVROLQL *0  ,Q YLYR HPHUJHQFH RI FROLVWLQ UHVLVWDQFH LQ Klebsiella 
pneumoniaeSURGXFLQJ.3&W\SHFDUEDSHQHPDVHVPHGLDWHGE\LQVHUWLRQDOLQDFWLYDWLRQ
RIWKH3KR43KR3PJU%UHJXODWRU$QWLPLFURE$JHQWV&KHPRWKHU
 .LHIIHU13RLUHO/1RUGPDQQ30DGHF-<+DHQQL0(PHUJHQFHRIFROLVWLQ
UHVLVWDQFH LQ Klebsiella pneumoniae IURP YHWHULQDU\ PHGLFLQH - $QWLPLFURE
&KHPRWKHU
 &DQQDWHOOL$*LDQL7'
$QGUHD00'L3LODWR9$UHQD)&RQWH97U\ILQRSRXORX
.9DWRSRXORV$5RVVROLQL*0&2/*5,76WXG\*URXS0JU%LQDFWLYDWLRQLV
D FRPPRQ PHFKDQLVP RI FROLVWLQ UHVLVWDQFH LQ .3& FDUEDSHQHPDVHSURGXFLQJ
Klebsiella pneumoniae RI FOLQLFDO RULJLQ $QWLPLFURE $JHQWV &KHPRWKHU 

 2ODLWDQ $2 'LHQH 60 .HPSI 0 %HUUD]HJ 0 %DNRXU 6 *XSWD 6.
7KRQJPDOD\YRQJ % $NNKDYRQJ . 6RPSKDYRQJ 6 3DERULERXQH 3 &KDLVLUL .
.RPDODPLVUD&$GHORZR22)DJDGH2(%DQMR2$2NH$-$GOHU$$VVRXV09
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0RUDQG65DRXOW'5RODLQ-0:RUOGZLGHHPHUJHQFHRIFROLVWLQUHVLVWDQFHLQ
Klebsiella pneumoniae IURP KHDOWK\ KXPDQV DQG SDWLHQWV LQ /DR 3'5 7KDLODQG
,VUDHO1LJHULDDQG)UDQFHRZLQJWRLQDFWLYDWLRQRIWKH3KR33KR4UHJXODWRUPJU%DQ
HSLGHPLRORJLFDODQGPROHFXODUVWXG\,QW-$QWLPLFURE$JHQWV
 &KHQJ<+/LQ 7/ 3DQ<-:DQJ<3 /LQ<7:DQJ -7  &ROLVWLQUHVLVWDQW
PHFKDQLVPV LQKlebsiella pneumoniae IURP7DLZDQ$QWLPLFURE$JHQWV&KHPRWKHU

 /LX<<:DQJ<:DOVK75<L/;=KDQJ56SHQFHU-'RL<7LDQ*'RQJ%
+XDQJ;<X/)*X'5HQ+&KHQ;/Y/+H'=KRX+/LDQJ=/LX-+6KHQ
-  (PHUJHQFH RI SODVPLGPHGLDWHG FROLVWLQ UHVLVWDQFH PHFKDQLVP 0&5 LQ
DQLPDOVDQGKXPDQEHLQJVLQ&KLQDDPLFURELRORJLFDODQGPROHFXODUELRORJLFDOVWXG\
/DQFHW,QIHFW'LV
+DVPDQ++DPPHUXP$0+DQVHQ)+HQGULNVHQ562OHVHQ%$JHUV¡<=DQNDUL
( /HHNLWFKDURHQSKRQ 3 6WHJJHU0 .DDV 56 &DYDFR /0+DQVHQ'6 $DUHVWUXS
)06NRY5/'HWHFWLRQRImcr-1HQFRGLQJSODVPLGPHGLDWHGFROLVWLQUHVLVWDQW
Escherichia coli LVRODWHV IURP KXPDQ EORRGVWUHDP LQIHFWLRQ DQG LPSRUWHG FKLFNHQ
PHDW'HQPDUN(XUR6XUYHLOO
+DHQQL03RLUHO/.LHIIHU1&KkWUH36DUDV(0pWD\HU9'XPRXOLQ51RUGPDQQ
3 0DGHF -<  &RRFFXUUHQFH RI H[WHQGHG VSHFWUXP ȕ ODFWDPDVH DQG0&5
HQFRGLQJJHQHVRQSODVPLGV/DQFHW,QIHFW'LV,QSUHVV
0DOKRWUD.XPDU6;DYLHU%%'DV$-/DPPHQV&+RDQJ+73KDP17*RRVVHQV
+  &ROLVWLQUHVLVWDQW Escherichia coli KDUERXULQJ mcr-1 LVRODWHG IURP IRRG
DQLPDOVLQ+DQRL9LHWQDP/DQFHW,QIHFW'LV,QSUHVV
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3RLUHO / .LHIIHU 1 /LDVVLQH 1 7KDQK ' 1RUGPDQQ 3  3ODVPLGPHGLDWHG
FDUEDSHQHP DQG FROLVWLQ UHVLVWDQFH LQ D FOLQLFDO LVRODWH RIEscherichia coli /DQFHW
,QIHFW'LV,QSUHVV
'
$QGUHD00$UHQD)3DOOHFKL/5RVVROLQL*0&7;0W\SHODFWDPDVHV
DVXFFHVVIXOVWRU\RIDQWLELRWLFUHVLVWDQFH,QW-0HG0LFURELRO
.DULP $ 3RLUHO / 1DJDUDMDQ 6 1RUGPDQQ 3  3ODVPLGPHGLDWHG H[WHQGHG
VSHFWUXPODFWDPDVH&7;0OLNHIURP,QGLDDQGJHQHDVVRFLDWLRQZLWKLQVHUWLRQ
VHTXHQFH,6Ecp1)(060LFURELRO/HWW
3RLUHO / *QLDGNRZVNL 0 1RUGPDQQ 3  %LRFKHPLFDO DQDO\VLV RI WKH
FHIWD]LGLPHK\GURO\VLQJ H[WHQGHGVSHFWUXP ODFWDPDVH &7;0 DQG RI LWV
VWUXFWXUDOO\UHODWHGODFWDPDVH&7;0-$QWLPLFURE&KHPRWKHU
&RHOKR $ *RQ]DOH]/RSH] -- 0LUy ( $ORQVR7DUUpV & 0LUHOLV % /DUURVD 01
%DUWRORPp50$QGUHX$1DYDUUR)-RKQVRQ-53UDWV*&KDUDFWHULVDWLRQRI
WKH &7;0HQFRGLQJ JHQH LQKlebsiella pneumoniae VWUDLQV IURP WKH%DUFHORQD
PHWURSROLWDQ DUHD SODVPLG GLYHUVLW\ DQG FKURPRVRPDO LQWHJUDWLRQ ,QW -$QWLPLFURE
$JHQWV
/DUWLJXH0 ) / 3RLUHO 1RUGPDQQ 3 'LYHUVLW\ RI JHQHWLF HQYLURQPHQW RI
bla&7;0JHQHV)(060LFURELRO/HWW
3RLUHO/'HFRXVVHU-:1RUGPDQQ3,QVHUWLRQVHTXHQFH,6Ecp1BLVLQYROYHG
LQ H[SUHVVLRQ DQG PRELOL]DWLRQ RI D bla&7;0 ODFWDPDVH JHQH $QWLPLFURE $JHQWV
&KHPRWKHU
3RLUHO / /DUWLJXH 0) 'HFRXVVHU -: 1RUGPDQQ 3  ,6Ecp1BPHGLDWHG
WUDQVSRVLWLRQRIbla&7;0LQEscherichia coli$QWLPLFURE$JHQWV&KHPRWKHU

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1RUGPDQQ 3 /DUWLJXH 0) 3RLUHO /  %HWDODFWDP LQGXFWLRQ RI ,6Ecp1B
PHGLDWHG PRELOL]DWLRQ RI WKH QDWXUDOO\ RFFXUULQJ bla&7;0 ODFWDPDVH JHQH RI
Kluyvera ascorbata)(060LFURELRO/HWW
7KH(XURSHDQ&RPPLWWHHRQ$QWLPLFURELDO6XVFHSWLELOLW\7HVWLQJ (8&$67
%UHDNSRLQWVWDEOHVIRULQWHUSUHWDWLRQRI0,&VDQG]RQHGLDPHWHUV9HUVLRQ
&OLQLFDODQG/DERUDWRU\6WDQGDUGV,QVWLWXWH&/6,0HWKRGVIRUGLOXWLRQDQWLPLFURELDO
VXVFHSWLELOLW\ WHVWV IRU EDFWHULD WKDW JURZ DHURELFDOO\ $SSURYHG 6WDQGDUG  7HQWK
(GLWLRQ0$:D\QH3$86$
'LDQFRXUW/3DVVHW99HUKRHI-*ULPRQW3$%ULVVH60XOWLORFXVVHTXHQFH
W\SLQJRIKlebsiella pneumoniaeQRVRFRPLDOLVRODWHV-&OLQ0LFURELRO
&DWWRLU91RUGPDQQ36LOYD6DQFKH]-(VSLQDO33RLUHO/,6Ecp1PHGLDWHG
WUDQVSRVLWLRQRIqnrBOLNHJHQHLQEscherichia coli$QWLPLFURE$JHQWV&KHPRWKHU

3RWURQ$3RLUHO/1RUGPDQQ3'HUHSUHVVHGWUDQVIHUSURSHUWLHVOHDGLQJWRWKH
HIILFLHQWVSUHDGRIWKHSODVPLGHQFRGLQJFDUEDSHQHPDVH2;$$QWLPLFURE$JHQWV
&KHPRWKHU
.LHVHU 7  )DFWRUV DIIHFWLQJ WKH LVRODWLRQ RI &&& '1$ IURP Streptomyces
lividansDQGEscherichia coli3ODVPLG
 %DUWRQ %0+DUGLQJ*3 =XFFDUHOOL $- $ JHQHUDOPHWKRG IRU GHWHFWLQJ DQG
VL]LQJODUJHSODVPLGV$QDO%LRFKHP

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)LJXUHOHJHQG
)LJXUH 6FKHPDWLF UHSUHVHQWDWLRQ RI WKHmgrB JHQH WUXQFDWHG E\ ,6Ecp1bla&7;0 LQ K.
pneumoniae LVRODWH+0$UURZVLQGLFDWHJHQHVDQGWKHLUUHVSHFWLYHWUDQVFULSWLRQRULHQWDWLRQV
,5/LQYHUWHGUHSHDWOHIW,55LQYHUWHGUHSHDWULJKW7KHmgrBJHQHWUXQFDWLRQLVUHSUHVHQWHG
E\GLDJRQDOGDVKHVtnpAFRUUHVSRQGVWRWKHWUDQVSRVDVHHQFRGLQJJHQHRI,6Ecp17KHES
WDUJHWVLWHGXSOLFDWLRQVDUHXQGHUOLQHG

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tnpA (1,263 bp) 
AACCCAC AACCCAC 
blaCTX-M-15 (876 bp) 
CCTAGATTCTACGT 
IRL 
ACGTGGAATTTAGG 
IRR 
mgrB 
(123 bp) 
mgrB 
(21 bp) 
ISEcp1 (1,656 bp) 
Compound transposon ISEcp1-blaCTX-M-15 (2,918 bp) 
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